Abstract-The motion of a dust-particle cloud in the afterglow of a complex plasma is reported. It is shown that the dust-particle charges strongly affect the dynamic behavior of the dust cloud. Consequently, using the analysis of the whole cloud motion to deduce dust residual-charge and plasma-diffusion parameters is proposed.
In a decaying complex plasma, the electrons and ions of the plasma are lost by diffusion to the walls of the reactor and by recombination on the dust-particle surfaces. Consequently, the charge carried by the dust particles evolves with the other plasma parameters during the plasma afterglow. As the dustcharging time depends strongly on the electron and ion densities [1] , the dust-particle charging time becomes very long in the late plasma afterglow, and the dust-particle charges are considered frozen. It has thus been shown that in the late afterglow of a complex plasma, dust particles indeed keep a residual charge of a few elementary charges and that positively charged, negatively charged, and neutral dust particles coexist for several minutes after the power of the discharge is turned off [9] , [10] .
In a complex plasma afterglow, the dust-cloud motion will be affected by the dust residual charges due to the involved electrostatic interactions. By recording the motion of a dust cloud in the afterglow of a complex plasma, it is thus possible to deduce some important parameters such as the dust-particle mean charge and the remanent electric fields. In this paper, the motion of a dust-particle cloud in the afterglow of an RF discharge is reported.
The experiment has been done in the plasma kristal experiment (PKE)-Nefedov reactor [3] . It is an RF discharge operating in a push-pull excitation mode. The electrodes are parallel and are 4 cm in diameter. They are separated by a gap of 3 cm. The injected power is in the range of 0-4 W. The dust particles were grown in an argon plasma (0.2-2 mbar). A thin laser sheet that is perpendicular to the electrodes was used to illuminate the dust particles, and the scattered light was recorded at an angle Θ ∼30
• with a fast charge-coupled device camera with 500 frames/s.
Frames from the video taken at different times of the complex plasma afterglow are shown in Fig. 1 . As it can be seen when the discharge is on (t < 0), the interelectrode space is filled with a cloud of dust particles in which a dust-free region called a "void" can be observed. This void is a common feature of complex plasmas [1] [2] [3] [4] . The intensity of the scattered light of the column going through the center of the void is also shown in Fig. 1 (3-D plot) . It shows its evolution with time and, thus, the evolution of the dust density. A similar method was used in [4] to study dust-cloud dynamics in a running discharge. The void is clearly observed because it corresponds to a strong drop in the scattered light intensity. Video frames can also be used to extract dust-particle trajectories (not presented here).
When the discharge is turned off, the dust cloud starts to fall down due to the gravity (in Fig. 1, frames for t > 0) . Nevertheless, it can be seen that in the first 20 ms after the 0093-3813/$25.00 © 2008 IEEE discharge is switched off, the scattered light intensity increases drastically. As the scattered light is roughly proportional to the dust density, it indicates that the dust cloud contracts at the very beginning of the plasma decay. The time scale of this contraction (t c ≤ 20 ms) is too short to be explained by the gravity force. Consequently, it implies the action of the confining electric field. This electric field confines the dust cloud inside the plasma when the discharge is on while the dust particles tend to repel each other. When the RF generator is turned off, the RF field decreases, and the confining electric field evolves, too. During this time, the electron temperature relaxes to room temperature, leading to a drastic drop of the dust charge [9] . The dust-particle cloud thus contracts due to the changes in the repelling and confining forces. Knowing the dust-particle charge evolution and looking at the dustcloud dynamics, an estimation of the evolution of the confining electric field may be done.
Another feature of the dust-cloud dynamics in the plasma afterglow is the evolution of the dust void. As it is shown in Fig. 1 , the dust void remains well defined with a sharp boundary for a very long time.
To conclude, the analysis of the motion of the dust cloud could give information about dust residual charges, diffusion processes, and electric fields because the dust-cloud dynamics is strongly affected by the dust-particle charges.
